Oct-07-06 
(19) 



01 :24pra 



Frora-FSBBiT 

European Patent Office 
Office europeen des brevets 



9185839659 T-528 P. 011/025 F-B11 

ihiiiiiiiiiim 



(12) 



(45) Date of publication and mention 
of the grant of the patent 
16.08.2000 Bulletin 2000/33 

(21 ) Application number 96914478.1 

(22) Date of filing: 18.04.1996 



(n) EP 0 842 122 B1 

EUROPEAN PATENT SPECIFICATION 

(51) IntCI- 7 : C02F1/46 



(86) International application number 
PCT/RU96/00092 

(87) International publication number 

WO 97/38942 (23.10.1997 Gazette 1997/45) 



00 

CM 
CM 



oo 



CL 
U4 



(54) ELECTROCHEMICAL CELL 

ELEKTROCHEMISCHE ZELLE 
CELLULE ELECTROCHIMIQUE 



(84) Designated Contracting States: 

AT BE CH DE DK ES Fl FR GB GR IE IT LI LU MC 
NLPTSE 

(43) Date of publication of application: 
20.05,1998 Bulletin 1998/21 

(73) Proprietors: 

• Bakhir, Vitold MJkhallovich 
117321 Moscow (RU) 

• Zadorozhny, Jury Georgievlch 
115533 Moscow (RU) 



(72) Inventors: 

* Bakhir, Vitold Mikhailovich 
117321 Moscow (RU) 

* Zadorozhny, Jury Georgievlch 
115533 Moscow (RU) 

(74) Representative: Ablewhite, Alan James 
MARKS & CLERK, 
57/60 Lincoln's Inn Fields 
London WC2A 3LS (GB) 

(56) References cited: 
GB-A-2 274113 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall bo filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 



PAGE 11/25 * RCVDAT 11/6/2006 2:17:54 PM [Eastern Standard Time] * SVR:USPTO-ff XRF-3/1 0 * DNIS:2738300 * CSID:91858396S9 * DURATION (mm-ss):09-32 



Oct-07-06 01 :25pm Frora-FSBB&T 



9185839659 



T-528 P. 012/025 F-811 



Description 

[0001] This invention relates to chemical technology, 
and more particularly to electrochemical cells for the 
treatment of water and/or water solutions and can be 
used for electrochemical regulation of acid-alkaline 
properties, Oxidation-Reduction Potential (ORP) and 
catalytic activity of water and/or water solutions, as in 
electrochemical manufacturing of different products by 
the electrolysis of water solutions. 

Background of the Invention 

[0002] In the field of applied electrochemistry, differ- 
ent design electrolyzers are used either for water and/ 
or water solutions treatment, or for different product 
manufacturing. For instance, there are electrolyzers 
with flat electrodes pressed against the diaphragm (see 
the Authors certificate USSR No. 882944, 1979) or 
electrolyzers with coaxial cylindrical electrodes and a 
ceramic diaphragm between them (see the published 
patent application of Japan No 1-104387, 1989). 
[0003] However, module electrolyzers are the most 
advanced because they provide the required production 
capacity by joining together the necessary number of 
modules. This reduces the design and production ex- 
penses of electrolyzers depending upon the required 
capacity and also helps to unify parts and reduce the 
time for assembly and disassembly of such electrolyz- 
ers. 

[0004] The closest by the technical design and 
achieved result is a device for water treatment, executed 
by the module principle using electrochemical cells 
which contain coaxial cylindrical and rod electrodes and 
a coaxial ultrafiltration ceramic diaphragm made from 
materials using as their base zirconium, aluminum and 
yttrium oxides (see US Patent No. 5,427,667). The wa- 
ter treatment technical approach is chosen as a proto- 
type. 

[0005] The rod electrode is made with variable sec- 
tions in the prototype and the diameter of its pin-ends is 
0.75 of the diameter of its middle section. This allows 
for the improvement of hydraulic mode. In addition, di- 
mensions of the electrodes and the diaphragm are spec- 
ified in the formula, limiting their mutual change. 
[0008] In the prototype, the rod and the cylindrical 
electrodes, as well as the diaphragm, are fixed in special 
dielectric bushings with channels for the treated water 
supply to be fed into and to be discharged from the rod 
electrode chamber. There are channels on the lateral 
surface of the cylindrical electrode, on its upper and low- 
er parts, to supply and discharge treated water from the 
chamber of the cylindrical electrode. Water is treated 
while passing through the cell chambers from the bot- 
tom to the top. 

[0007] Required production capacity devices are as- 
sembled with the number of cells by using special col- 
lectors, which are made either as a monolithic detail or 



special separate blocks for one cell and provided with 
joining and sealing tools. The order in which the elec- 
trodes connect to the poles of the powersupply depends 
on the type of desired application. 
5 [0008] The prototype treats water or water solution ef- 
ficient at low energy consumption. The prototype is suf- 
ficiently simple in use, assembly and disassembly. 
[0009] However, the prototype has disadvantages. 
Special collectors enlarge the size of the device, in- 
to crease its hydraulic resistance and require the use of 
more powerful pumps. It also requires numerous joint 
parts and seals for them. The prototype does not work 
effectively under the different polarity of electrodes due 
to its constructive features. So when the rod electrode 
15 works as an anode, the coating wears outs rapidly in 
places of transition from the middle part to the pin ends 
(not including the holes whose share of the surfaces is 
small). All of the remaining place of transition is in the 
field of the cylindrical electrode and is subjected to an 
20 intensive influence of high intensity electric field (con- 
centration of field in the places of changing form). It is 
not possible to control gas-filling of the treated solution 
in the prototype. The prototype device is also complicat- 
ed in fabrication, because strict coaxiality for all details 
2$ and the diaphragm are required. The fixation system for 
the rod electrode has difficulties in manufacture, due to 
the annular deepening on the internal surface of the 
bushings channels and placing seals in them. 
[001 0] The object of the present invention is to simpli- 
sm fy the cell design and make it possible to place the re- 
quired amount of cells in a smaller space; simplification 
of the fixation system for the elements of the ceil; im- 
proving the reliability and increasing the lifespan of the 
cell due to the elimination the influence of a curved elec- 
ts trical field in the space between electrodes, as well as 
expansion of the functional abilities for the cell by mak- 
ing it possible to regulate the Influence of gas-filling of 
the electrolyte on the electrochemical process. 
[0011] This objective can be achieved when the elec- 
40 truchemical cell for water and/or water solutions treat- 
ment is made from vertical cylindrical coaxial parts such 
as an internal electrode of variable sections (the diam- 
eter of its end parts being not more then 0.75 of the di- 
ameter of its middle part), an external electrode and a 
4$ coaxial ceramic diaphragm (made from materials hav- 
ing as their base zirconium oxides with additives of alu- 
minum and yttrium oxides) which separates the inter- 
electrode space in the electrode chambers. The elec- 
trodes are made from material that is nonsoluble during 
so electrolysis. The external electrode is installed in lower 
and upper dielectric bushings. Moreover there are slots 
on the butt-ends of upper and lower bushings, and the 
cell contains upper and lower dielectric collector heads, 
which have an axial channel. Moreover the heads are 
55 installed in the slots of bushings with the capability of 
turning. The diaphragm is fastened by elastic gaskets, 
which are placed in bushing slots. The diameter of the 
middle section of internal electrode is defined by the fol- 
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lowing formula: 

2M < D < 4M 

s 

where: D = the diameter of the middle section of the in- 
ternal electrode in mm, and 

M = the distance between electrodes in mm. 
[0012] Depending on the execution and polarity of the 
electrodes, the length of the middle section of the inter- io 
nal electrode can be either shorter than the length of the 
external electrode on the value of 2M, or longer than the 
length of the external electrode on the value of not less 
than 2M. The preferred distance between electrodes is 
2.8 - 3.3 mm. The internal electrode is fastened inside *5 
the heads by elastic gaskets placed in the axial head 
channels. The purpose of the channels in the lower and 
upper heads and in the lower and upper bushings is to 
supply and discharge treated water and/or solution into 
the internal and external chambers of the electrodes. 20 
The channels reach to lateral surfaces and are provided 
with outlets. The length of the external electrode can be 
varied from 50 mm to 240 mm depending on need. 
[0013] Materials for the electrodes can be chosen 
from existing sources and the choice depends on the 25 
conditions and requirements for the design of the de- 
vice. Should changing the polarity of electrodes not be 
required, titanium electrodes coated by titanium oxide 
and ruthenium oxide, or titanium electrodes coated by 
precious metals or manganese oxide or tin oxide or co- 30 
baltous oxide, can be used as an anode. Polished tita- 
nium or polished tantalum or polished zirconium coated 
by pyrographrte or glass carbon or other coatings can 
be used as a cathode. If changing the polarity of elec- 
trodes is required, titanium electrodes coated by plati- 3£ 
num or platinum-indium can be used. It is possible to 
use different combinations of the materials listed above 
or other materials known in applied electrochemistry. 
[0014] The diaphragm of the electrochemical cell is 
made from ceramics made from zirconium, aluminum 40 
and yttrium oxides, and can contain additives such as 
niobium oxide, tantalum oxide, titanium oxide, gadolin- 
ium oxide, hafnium oxide and others- Depending on the 
application, the diaphragm can be made as an ultrafil- 
tration, a microfiltration or a nanofiltration. The forms of 45 
the diaphragm can be varied. The diaphragm can be a 
truncated cone with the conicity value 1: (10O - 1000) 
and a like thickness of walls equal to 0.4 mm - 0.8 mm 
on the whole length of the diaphragm. The diaphragm 
can be installed in the cell either its big base facing so 
downward or its big base facing upward. 
[0015] The external (or internal) surface of the dia- 
phragm can also be made as a cylinder, with the remain- 
ing surface (internal or external) made as a cone with 
the conicity value 1 : (100 - 1000). In this case, the wall ss 
thickness of one butt-end is 0.4 mm - 0.5 mm and the 
wall thickness of the other butt-end is 0.7 mrrh0.8 mm. 
The diaphragm is Installed in the cell with its the butt- 



end with thickest wall either facing downward or facing 
upward. 

[001 6] The external and internal surfaces of the dia- 
phragm can also be made as truncated cones with the 
conicity value 1: (100-1 000). Moreover the cone tops are 
positioned at opposite end of the diaphragm and the 
thickness of the walls of one butt-end is 0.4 mm - 0.5 
mm and the thickness of the other butt-end is 0.7 mm - 
0.8 mm. The diaphragm is installed in the ceil so that 
the butt-end with the thickest wall either is turned down- 
ward or is turned upward. 

[001 7] The internal and external surface of diaphragm 
can also be made as a cylinder with the wall thickness 
0.4 mm - 0.7 mm. Deviation from the geometric correct 
surface of the diaphragm should be not more than 0 05 
mm in any part of its surface. The internal electrode is 
made either solid or hollow inside. The internal electrode 
can include several details, which are made from one 
or more materials, and are united by different methods 
(depending on materials), such as laser beam welding, 
vacuum welding, mechanically joining and the like. A 
thread is provided on the pin-ends of the internal elec- 
trode for adjustment of the head by manipulating wash- 
ers and nuts. 

[001 8] Different combinations of internal electrode di- 
mensions can be used, depending on the order in which 
the electrodes are connected with poles of the power 
supply. For instance, if the external electrode is connect- 
ed with the negative pole of the power supply and the 
internal electrode is connected with the positive pole of 
the power supply, the length of the middle section of the 
internal electrode exceeds the length of the external 
electrode by a value of not less than 2M and the internal 
electrode is installed in the cell symmetrically to the ex- 
ternal electrode. If the external electrode is connected 
with the positive pole of the power supply and the inter- 
nal electrode is connected with the negative pole of the 
power supply, then the internal electrode middle section 
length is equal or (ess than the external electrode length 
on the value of 2M, and the internal electrode is installed 
in the cell symmetrically to the external electrode. 
[0019] To provide strict coaxiality of electrodes in the 
cell, different variants are to be used for fastening of the 
internal electrode in the axial head channels depending 
on the dimensions of the electrodes. 
[0020] When the length of the internal electrode ex- 
ceeds the length of the external electrode by sufficient 
length, the axial head channel is contained within the 
variable section and the middle section of Internal elec- 
trode with the big diameter forms a slot joint with the 
axial channels of the heads in which the elastic gaskets 
are placed. If the middle section of the internal electrode 
forms a slot joint with the axial channels of the upper 
and lower heads, then elastic gaskets are placed in the 
grooves of the middle section of the internal electrode. 
If the internal electrode is fastened by pin-ends, the axial 
head channel diameter is equal to the diameter of the 
pin-ends of the internal electrode; elastic gaskets are 
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placed In grooves on the pin-ends of the internal elec- 
trode; or axial head channels having a diameter equal 
to the diameter of the internal electrode pin-ends and 
having an extension in the butt-ends; elastic gaskets are 
placed in this extension. In addition, the cell has clamp- 
ing dielectric bushings which are also placed in this ex- 
tension. 

[0021] These improvements result in a better func- 
tioning and superior cell. Using coaxial electrodes and 
a diaphragm, and installing them in dielectric bushings 
and heads, allows for an optimal hydraulic regime and 
the simplification of the cell assembling. There is no 
need to drill a holes in the external cylindrical electrode, 
thus making it simple to manufacture. Because it is pos- 
sible to turn the heads and regulate the outlet position, 
several cells can be assembled together compactly in 
one device. 

Brief Description of the Drawings 

[0022] Figure 1 shows a cross section of the electro- 
chemical cell of the present invention. 
[0023] Figure 2 shows one version of a structure for 
the fastening of the internal electrode in the collecting 
heads of the electrochemical cell of the present inven- 
tion. 

[0024] Figure 3 shows a second version of a structure 
for the fastening of the internal electrode in the collecting 
heads. 

[0025] Figure 4 shows a third version of a structure 
forthe fastening of the internal electrode in the collecting 
heads- 

[0026] Figure 5 shows a fourth version of a structure 
for the fastening of the internal efectrode in the collecting 
heads. 

[0027] Figure 6 shows a first alternative diaphragm 
design used in the electrochemical cell of the present 
invention. 

[0028] Figure 7 shows a second alternative dia- 
phragm design used in the electrochemical cell of the 
present invention. 

[0029] Figure 8 shows a third alternative diaphragm 
design used in the electrochemical cell of the present 
invention. 

[0030] Figure 9 shows a fourth alternative diaphragm 
design used in the electrochemical cell of the present 
Invention. 

[0031] Figure 10 shows a fifth alternative diaphragm 
design used in the electrochemical cell Df the present 
invention. 

[0032] Figure 11 shows a sixth alternative diaphragm 
design used in the electrochemical cell of the present 
invention. 

[0033] Figure 12 shows a seventh alternative dia- 
phragm design used in the electrochemical cell of the 
present invention. 

[0034] Figure 13 shows an eighth alternative dia- 
phragm design used in the electrochemical ceil of the 
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present invention. 

Detailed Description of the Preferred Embodiments 

5 [0035] With reference to Figure 1 , the electrochemical 
cell of the present invention comprises a coaxial exter- 
na) cylindrical electrode 1, an internal electrode 2 and a 
ceramic diaphragm 3 placed between them. The exter- 
nal electrode 1 is fixed tightly and hermetically in lower 

10 dielectric bushing4and upper dielectric bushing 5, each 
of which have channels for treated water and/or water 
solutions supply into and discharge from the chamber 
of the external electrode. The channels reach to the lat- 
eral surface of the bushings and are provided with pipe 

J5 connections. The lower dielectric collecting head 6 and 
the upper dielectric collecting head 7 have channels for 
treated water and/or water solutions to be supplied into 
and to discharge from the chamber of the internal elec- 
trode 2. The dielectric collecting heads 6,7 are joined to 

20 the dielectric bushings 4.5 by slot joints. The head chan- 
nels also reach to the lateral surface and are provided 
with pipe connections. There are also axial channels in 
the dielectric collecting heads 6,7. The pin-ends of the 
internal electrode 2 enter into axial channels. The dia- 

25 phragm 3 is sealed in the dielectric collecting heads 6,7 
by gaskets 8 and 9, respectively, which are placed in the 
slot joints between the bushings and heads. The internal 
electrode 2 is sealed by elastic gaskets 1 0 and 11 . There 
is a thread on the pin-ends of the internal electrode to 

30 which washers 12 and 13 and nuts 14 and 15 are fas- 
tened. Assembling and sealing of the cell is achieved by 
bolting with nuts 14. 15 and washers 12, 13 of the bush- 
ings and heads together to the butt-end of the external 
electrode 1 after the determination of the position of the 

35 head. 

[003$] The position and type of elastic gaskets 1 0 and 
11 depends on the construction of the internal electrode. 
When the middle section of the internal electrode 2 and 
the axial channel of the head 7 form a slot joint (Fig. 2), 

40 the seal 11 is located in the slot joint i.e. where the in- 
terna) electrode 2 and the axial channel each change its 
diameter, in this case, the seal is loaded uniformly, 
which reduces the risk of its deformation. The seal 10 is 
similarly installed in the head 6. 

4$ [0037] When the middle section of the internal elec- 
trode 2 and the axial channel of head 7 form a slot joint 
in a place of connecting diameters, the top part of the 
electrode 2 has grooves for the seal 11 (Fig.3). The in- 
ternal electrode 2 is a combination of a hollow cylinder 

so 17 and a solid pin-end 18 as is shown in Figure 3. 
[0038] If the diameter of the axial channel of head 7 
is equal to the diameter of the pin-ends of the internal 
electrode 2, then grooves for the seal 11 can be made 
on the end parts (Fig.4); or the axial head channel is 

55 wider at the butt-end for placing the seal 11 and adding 
washers 16 (Fig. 5). 

[0039] The internal electrode is made with variable 
sections. The diameter of the pin-ends of the electrode 



PAGE 14/25 ' RCVD AT 1 1/2006 2:17:54 PM [Eastern Standard Time] 1 SVR:USPTO-EFXRF-3/10 * DNIS:2738300 " CS1D:9185839659 * DURATION (mm-ss):09-32 



Oct-07-06 01:26pm Frora-FSBB&T 



9185839659 



T-5Z8 P. 01 5/025 F-81 



is not more than 0.75 of the middle section diameter of 
the electrode. This ratio provides optima! hydrodynamic 
characteristics and makes It possible to reliably fasten 
an electrode in the heads by different ways of elastic 
gaskets to set up. The internal electrode can be made 5 
as either a solid cylinder or a hollow cylinder with solid 
pin-ends to provide a required form of the electrode. 
Ways for joining parts can be different depending on the 
applicable material. Either mechanical joining or other 
types of joining, such as vacuum welding or laser beam 
welding, can be used to obtain durability and reliable 
conductivity. Using a hollow electrode not only reduces 
weight of device and saves materials, but also allows to 
direct work on current electrochemical process due to 
changing conditions for the forming of surface charge of 
electrode. Besides, an internal electrode works as a joint 
detail, since there is a thread on its pin-ends for washers 
and nuts setting, which joins the cell and provides her- 
metic sealing, as well as fixing the heads in the given 
working position. 

[0040] The diaphragm is made from ceramic materi- 
als based on zirconium oxide with additives of aluminum 
oxide and yttrium oxide and the diaphragm possesses 
high resistance to acids, alkaline and aggressive gases, 
has a long lifetime and is easy regenerated. Different 
additives allow for the adjustment of the characteristics 
of diaphragm surface and have a direct influence on the 
electrochemical process, which is particularly important 
when the electrochemical cell is used for obtaining some 
special product. The diaphragm can be made from dif- 
ferent materials either as ultrafiltration, microfiltration or 
nanofiltration. depending on problem to be solved. 
[0041] The form of the diaphragm, as well as the man- 
ner of the diaphragm installation affects on working con- 
ditions of the ceil comparative to the treated water flow. 
The diaphragm may take many different forms. 
[0042} As shown in Figures 6 and 7, the diaphragm 3 
can be a truncated cone with the conidty value 1: (100 
-1000) and alike thicknesses of walls from 0.4 mm to 0.8 
mm on the whole length; it can be installed in the cell 
either big base downward (Fig, 6) or big base upward 
(Fig. 7), 

[Q043] As shown in Figures 8 and 9, the external sur- 
face of diaphragm 3 can be executed as a cylinder and 
the internal surface of the diaphragm can be executed 
as a cone with the conicity value 1 :(1 00 - 1000) with ei- 
ther big base down (Fig. 8) or big base up (Fig. 9). Al- 
ternatively as shown in Figures 10 and 11, the internal 
surface of diaphragm 3 can be executed as a cylinder 
and the external surface of the diaphragm can be exe- 
cuted as a cone with the conicity value 1 ; (100 - 1000) 
with either big base down (Fig. 10) or big base up (Fig. 
11). In either case, a wall thickness of one butt-end is 
0.4 mm - 0.5 mm, a wall thickness of another butt-end 
is 0.7 mm - 0.8 mm; and the diaphragm is installed in 
the cell thereby, with the butt-end with the thicker wall 
turned downward or turned upward. 
[0044] As shown in Figures 12 and 13, both the ex- 



ternal and internal surfaces of diaphragm 3 can also be 
made as a truncated cone with the conicity value 1: 
(1 00-1 000). In this alternative, the tops of the cones are 
directed to opposite sides and the thicknesses of walls 
are such that one butt-end is 0.4 mm - 0.5 rum, another 
one Is 0.7mm - 0.8 mm. The diaphragm is installed In 
the cell with the butt-end with the thicker wall either 
turned downward (Fig 12) or turned upward (Fig. 13). 
Using a diaphragm with a lower conicity value does not 
produce different results in comparison with a cylindrical 
diaphragm. When using a diaphragm with higher conic- 
ity value, as well as one with increased wall thickness, 
it is necessary to alter the dimensions of the cell and 
increase the inter-electrode distance which causes in- 
creasing power consumption for the electrochemical 
process. A wall thickness lower than above mentioned 
increases the brittleness of the diaphragm and decreas- 
es its lifespan, making it more difficult to assemble and 
disassemble a ceil. It is possible to regulate the electro- 
chemical process by using a diaphragm with a variable 
profile. For instance, the diaphragm is installed in the 
cell in the way that the cross section of the chambers is 
increased from the bottom to the top of cell for the proc- 
esses with high evolution of gas. Alternatively, the dia- 
phragm is installed in the celt in the way that the cross 
section of the chambers is decreased from the bottom 
to the top in order to increase gas^filling in the top of cell 
and reduce the intensity of the electrochemical treat- 
ment of solution in the last cut of cell. Using diaphragms 
which provide a variable profile for only one chamber 
(one surface is a cone and another surface is a cylinder) 
allows a difference in the volume of evolution of gas in 
both chambers during the process. Besides that, such 
diaphragms (as well as the diaphragms with both the 
external and internal surfaces being cones and the tops 
of the cones are directed in the opposite way) can be 
used for different quality and content solutions treatment 
in electrode chambers of cell. 

[0045] The internal and external surfaces of the dia- 
phragm can be made as both cylinders with the wall 
thickness 0.4mm - 0.7 mm. This type of diaphragm is 
very effective for very diluted solutions treatment. Devi- 
ation from the geometric correct surface of the dia- 
phragm should be not more than 0.05 mm in any place 
on its surface. Otherwise, conditions for creating dual 
electric layer on the surface of diaphragm are altered 
and influence of dual electric layer on the resistance of 
the diaphragm is altered also, causing low quality of so- 
lutions treatment due to unequal work along the surface. 
[0049] The diaphragm is fasten by elastic gaskets, 
which are placed in bushing grooves, making it easy to 
assemble a cell and provide coaxiality. 
[0047] It is essential that a restriction for the diameter 
of the middle section of internal electrode be effected by 
the correlation: 

2M < D<4M 
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where: D = diameter of the middle section of internal 
electrode in mm, and M = inter-electrode distance in 
mm. 

[0048] Inter-electrode distance should be 2,8mm -3,3 
mm. When reducing this distance, the capillary effect 
reduces the effectiveness of the electrochemical proc- 
ess. When increasing this distance, power consumption 
is also increased and is impossible to achieve a mass 
and energy exchanging self-organizing process. 
[0049] It is also important that the length of the middle 
section of the internal electrode be either shorter than 
the lengths of the external electrode on the value of 2 
M, Dr longer than the lengths of the external electrode 
on the value of not less than 2 M. The length of the ex- 
ternal electrode may vary from 50 mm to 240 mm, thus 
providing the optimal gas-filling of treated liquid in any 
working condition of the cell. 

[0050] Mutual con-elation of internal and external 
electrode dimensions is determined by the polarity of the 
electrodes. If the external electrode is connected with 
the negative pole of the power supply, and the internal 
electrode is connected with the positive pole of the pow- 
er supply, then the length of the middle section of the 
internal electrode exceeds the length of the external 
electrode at the value of not less than 2NL If the external 
electrode Is connected with the positive pole of the pow- 
er supply and the internal electrode is connected with 
the negative pole of the power supply, then the internal 
electrode middle section length is equal or less than the 
external electrode length at the value of 2M. The internal 
electrode is installed in the cell symmetrically to the ex- 
ternal electrode in any case. Such a design prevents the 
coating of the electrodes from wearing out in places of 
high intensity electric field (concentration of the field in 
places of changing form or on the pin-ends). Precise in- 
ternal electrode fastening is important for the efficient 
working of the cell. Fastening of the internal electrode 
in the heads by elastic gaskets placed in the axial head 
channels, provides a strict coaxialrty with relatively sim- 
ple assembling. The design of the ceil can be different 
to meet requirements for electrode coaxiality. For in- 
stance, when the length of the middle section of the in- 
ternal electrode exceeds the length of the external elec- 
trode, the internal electrode must be made long enough 
to form slot joints with the axial head channels. Elastic 
gaskets are placed in the slot joints. The axial channels 
of the head have a variable section. This provides co- 
axiality and avoids deformation of the elastic gaskets. 
Alternatively, the middle section of the internal electrode 
forms slot joints with the axial channels of the upper and 
lower heads, then elastic gaskets are placed in grooves 
on middle section of internal electrode. This design 
makes assembling easy. If fastening of the internal elec- 
trode in the heads is provided by the packing of its pin- 
ends (when the middle section is smaller than the length 
of the external electrode, or the middle section is longer, 
but does not reach the location of the heads), then the 
diameter of the axial head channel is equal to the diam- 



eter of the internal electrode pin-ends, and elastic gas- 
kets are placed in grooves, which are made on the sur- 
faces of the internal electrode pin-ends situated in the 
axial head channels. Alternatively, the diameter of the 

s axial head channels is equal to the diameter of the pin- 
ends of the internal electrode and the axial channels are 
wider at the end of the head to allow for elastic gaskets 
and additional clamp dielectric bushings. 
[0051] Water is treated while passing through the cell 

10 chambers from the bottom to the top. Treated water and/ 
or solution flow through the electrode chambers of the 
cell separately. 

[0052] The invention can be illustrated by the follow- 
ing examples which ana not Intended to exhaust all of 

15 the invention possibilities. 

[0053] If not mentioned separately, an ultrafiltration 
ceramic diaphragm (composition: zirconium oxide - 
60% mass, aluminum oxide - 27 % mass, yttrium oxide 
- 3 % mass) is used in all examples, 

*0 [0054] Example 1 . Cell for water disinfection. The ex- 
ternal electrode is connected to the negative pole of the 
power supply and is made from polished titanium. The 
internal electrode is made from titanium coated with 
manganese oxide and connected to the positive pole of 

25 the power supply. The length of the external electrode 
is 80 mm. The distance between electrodes is 2.9 mm. 
The diameter of the middle section of the internal elec- 
trode is 9.0 mm; the length of the middle section is 86 
mm. The diaphragm is a cylinder with wall thickness 0.5 

30 mm along its entire length. The mineralization of the 
treated water was 0.5 g/l. The amount of microorgan- 
isms in the treated water was 10 s colonies in 1 ml. The 
mineralization of water remains the same after treat- 
ment, but microorganisms are eliminated. 

35 [0055] Conclusion: It is reasonable to use a cell with 
dimensions close to minimum values (as specified in the 
formula) for water sterilization by portable devices in the 
field. 

[0056] Example 2. Cell for production of disinfectant 
40 The external electrode is connected to the negative pole 
of the power supply and made from glass carbon. The 
internal electrode is made from titanium, coated with ru- 
thenium oxide and connected to the positive pole of the 
power supply. The length of the external electrode is 240 
45 mm. The length of the middle section of the internal elec- 
trode is 250 mm. The diameter of the middle section is 
10 mm. The distance between electrodes is 3 mm. The 
diaphragm is a cylinder with the wall thickness of 0.6 
mm. 

so [0057] The treated solution was sodium chloride with 
a concentration of 2 g/l. The flow rate of the treated so- 
lution was 30 l/hour through the anode chamber and 
was 5 l/hour through the cathode chamber. As a result, 
two solutions with the following parameters were ob- 

55 tained: 

anode chamber output (anolyte): pH * 6.0, ORP = 
+800 mV 



PAGE 16/25 * RCVD AT 11/6/2006 2:17:54 Pftfl [Eastern Standard Time] * SVR:USPTO€FXKF-3/10 * DNIS:2738300* CSID:9185839659 * DURATION (mm-ss):09-32 



Oct-07-06 01.:27pm Frora-FSBBAT 



9185839659 



T-528 P 017/025 F-811 



• cathode chamber output (catholyte): pH = 8.6, ORP 
= -600 mV 

The power consumption is 0.95 kWt.hour/cub.m. 
[0058] Example 3. A process for obtaining disinfect- 5 
ants by means of the cell was conducted under the same 
conditions as in example 2, but the diaphragm was a 
truncated cone with the conicity value 1:500 and a wall 
thickness of 0.7mm, constant along the entire length of 
the diaphragm. The diaphragm was installed with the 
big base facing upward. After processing, anolyte was 
obtained with pH = 5.5 and ORP = +900 mV and 
catholyte was obtained with pH = 8 0 and ORP - -550 
mV. 

[0059] When the diaphragm was installed with the big 
base facing downward, anolyte was obtained with pH = 
6.3 and ORP = +650 mV and catholyte was obtained 
with pH = 9.1 and ORP = -730 mV. 
[0060] Example 4. A process for obtaining disinfect- 
ants and washing solution by means of the cell was con- 
ducted under the same conditions as in example 2, but 
the external surface of the diaphragm was a cylinder and 
the internal surface of the diaphragm was a cone with a 
wall thickness of the upper butt-end 0.5 mm and the low- 
er butt-end 0,8 mm. The width of the cathode chamber 
was a constant through the cell, but the anode chamber 
is wider at the top end. The results of treatment are as 
follows: pH of anolyte was 5.6. ORP of anolyte was +900 
mV, pH of catolyte was 8.7 and ORP of catholyte was 
-760 mV. 

[0061] Example 5. The cell for obtaining chlorine (a 
mixture of oxidants which are chlorine and oxygen main- 
ly) by means of the electrolysis of sodium chloride water 
solution. The external electrode is made from titanium, 
coated with ruthenium oxide and connected to the pos- 
itive pole of the power supply. The internal electrode 
(cathode) is made from titanium and coated with pyrog- 
raphite. The length of the external electrode is 240 mm. 
The length of the middle section of the internal electrode 
is 230 mm. The diameter of the middle section is 11 mm. to 
The distance between electrodes is 3.1 mm. The dia- 
phragm is a cylinder with the wall thickness 0.6 mm. So- 
dium chloride water solution with a concentration 300 g/ 
I was introduced and treated in the anode chamber of 
the cell. Tap water with a mineralization 0.5 g/l was in- 45 
troduced and treated in the cathode chamber. Waterand 
solution were treated while flowing through the cell 
chambers from the bottom to the top. As a result, 10 
liters of gas were obtained. The gas contains chlorine 
70%, chlorine dioxide 20%, oxygen 7% and the rest (ad- «> 
mixtures) 3%, The conversion degree of chloride is 
about 30% after passing through the cell. 
[0062] The cathode chamber output is sodium hy- 
droxide with pH = 13. This solution can be used in gal- 
vanic production or other technologies. This examples 
proves that the cell can be effectively used for chlorine 
manufacturing. 

[0063] The invention simplifies the design of the cell, 



makes possible the placing together of a required 
amount of cells in a smaller space, simplifies the fixation 
system for the elements of the cell, provides high relia- 
bility and increases the lifespan of the cell due to elimi- 
nation of the influence of curved electrical field in the 
space between electrodes and expands the functional 
abilities of the cell making it possible to regulate the gas- 
filling of the electrolyte during the electrochemical proc- 
ess. The cell can be effectively used for water purifica- 
tion and disinfection, for obtaining solutions with prede- 
termined characteristics and for obtaining products by 
means of the electrolysis of water solutions. 



1. An electrochemical cell for the treatment of water 
and/or water solutions comprising: 

a) a vertical, cylindrical, variable section inter- 
nal electrode (2) having a middle section and a 
pin-«nd at each end thereof, the diameter of 
each pin-end being not more than 0.75 of the 
diameter of the middle section; 

b) a vertical, cylindrical external electrode (1) 
mounted around the internal electrode: 

c) a coaxial ceramic diaphragm (3) made from 
a base composition of a mixture of zirconium, 
aluminum and yttrium oxides and mounted in a 
separate inter-electrode space in an electrode 
chamber of the cell; 

d) the electrodes are made from materials that 
are nonsoluble during electrolysis; 

e) the external electrode is mounted in a lower 
dielectric bushing (4) and an upper dielectric 
bushings (5), each having a slots on a butt-end 
thereof; 

f) both the internal electrode and the external 
electrode are connected with a positive pole 
and a negative pole of a power supply; 

g) the cell further including an upper dielectric 
collector head (7) and a lower dielectric collec- 
tor head (6) which each have an axial channel; 
each collector head being installed in the bush- 
ing slots and adapted for turning therein; 

h) the diaphragm being fastened by elastic gas- 
kets (8,9) mounted in the slots of the bushings; 

i) the diameter of the middle section of the in- 
ternal electrode being defined by the formula: 

2M<D<4M 

where: 

D = diameter of the middle section of the 

internal electrode In mm. and 

M = distance between electrodes in mm 



« Claims 
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j) the length of the middle section of the Internal 
electrode being either shorter than the length 
of the external electrode on the value 2 M or 
longer than the length of external electrode on 
the value of not (ess than 2M; 5 
k) the internal electrode being fastened inside 
the collector heads by elastic gaskets (10,11) 
mounted in the axial head channels; and 
I) the lower head and the upper head and the 
lower bushing and the upper bushing having 10 
channels for the treated water and/or treated 
solution supply to be sent into and discharged 
from the chambers of the internal external elec- 
trodes. 

T5 

2. The cell as claimed in claim 1 wherein the length of 
the external electrode is from 50 mm to 240 mm and 
the distance between electrodes is from 2.8 mm to 
3.3 mm. 

20 

3. The cell as claimed in anyone of claims 1-2, wherein 
the bushings and head channels reach to the lateral 
surface and are provided with pipe connections. 

4. The cell as claimed in anyone of claims 1 -3, wherein 29 
the diaphragm is made from ceramics having a 
base composition from the group consisting essen- 
tially of zirconium, aluminum and yttrium oxides, . 
with additives of niobium, tantalum, titanium, gado- 
linium and hafnium oxides. 50 

5. The cell as claimed in anyone of claims 1-4 wherein 
the diaphragm includes either ultrafiltration, micro- 
filtration or nanofiltration properties. 

35 

6. The cell as claimed in anyone of claims 1-5 wherein 
the diaphragm is made as a truncated cone with a 
conicity value of 1: (100-1000) and a like thickness 
of walls from 0.4 mm to 0.8 mm along its length and 
is installed in the ceil either big base downwards or 
big base upwards. 

7. The cell as claimed in anyone of claims 1 -5 wherein 
the externa] surface of the diaphragm is made as a 
cylinder and the internal surface as a cone with a 45 
conicity value of 1: {100 - 1000); the wall thickness 

at a first butt-end is 0.4 mm-0.5 mm and the wall 
thickness at a second butt-end is 0.7 mrn-0.8 mm; 
the diaphragm is installed in the cell with the butt- 
end having the thicker wall either turned downwards so 
or turned upwards. 

8. The cell as claimed in anyone of ciaims 1 -5 wherein 
the external and internal surfaces of the diaphragm 

are each made as a truncated cone with a conicity 55 
value of 1 : (100 - 1 000); the tops of the cones are 
positioned at the opposite ends; the wall thickness 
of a first butt-end is 0.4 mm-0.5 mm and the wall 



thickness of a second butt-end is 0.7 mm-0.8 mm; 
the diaphragm is installed in the cell with a butt-end 
with the thicker wall either is turned downward or is 
turned upward. 

9* The cell as claimed in anyone of claims 1 -5 wherein 
the internal and external surfaces of diaphragm are 
cylinders with a wall thickness of 0.4 mm-0.7mm. 

1 0. The cell as claimed in anyone of claims 1 -0 wherein 
the deviation from the geometric correct surface is 
not more than 0,05 mm in any place along the length 
of the diaphragm. 

11. The cell as claimed in anyone of claims 1-10 where- 
in the internal electrode is either solid or hollow in- 
side. 

12. The cell as claimed in anyone of claims 1-11 where- 
in there is a thread on the pin-ends of the internal 
electrode and pressing washers (12,13) and nut$ 
(14,15) are used for fastening. 

1 3- The cell as claimed in anyone of claims 1-12 where- 
in the external electrode is connected with a nega- 
tive pole of a power supply, the internal electrode Is 
connected with a positive pole of the power supply; 
the internal electrode is designed so that the length 
of its middle section with the big diameter exceeds 
the length of the external electrode on a value of not 
less than double the distance between the elec- 
trodes; and the internal electrode is Installed in the 
cell symmetrical to the external electrode. 

14. The cell as claimed in anyone of claims 1-13 where- 
in the external electrode is connected with a positive 
pole of a power supply, the internal electrode is con- 
nected with a negative pole of the power supply; the 
internal electrode is designed so that the length of 
its middle section with the big diameter is less than 
the length of the external electrode on a value equal 
to double the distance between electrodes; and the 
internal electrode is installed in the ceil symmetrical 
to the external electrode. 

15* The cell as claimed in anyone of claims 1-13 where- 
in the axial head channel has a variable section; the 
middle section of the internal electrode forms slot 
joints with the axial head channels; and elastic gas- 
kets are placed in the slot joints. 

16. The cell as claimed in anyone of claims 1-13 where- 
in the axial head channel has a variable section; the 
middle part of internal electrode forms slot joints 
with the axial head channels; the middle section of 
the internal electrode forms slot joints with the axial 
head channels; the surface of Internal electrode has 
grooves in the lower and higher parts of its middle 
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section with the big diameter; and elastic gaskets 
are placed in the grooves. 

17. The cell as claimed in anyone of claims 1-14 where- 
in the diameter of the axial head channel is equal ? 
to the diameter of the internal electrode pin-ends; 
the internal electrode pin-ends have grooves on 
their surfaces; and elastic gaskets are placed in the 
grooves. 

10 

18. The cell as claimed in anyone of claims 1-14 or 17 
wherein the diameter of the axial head channels is 
equal to the diameter of internal electrode pin-ends 
and the axial head channels are wider in the butt- 
end of the head; elastic gaskets are placed in these is 
expansions; and the cell has dielectric bushings 
which also are placed in these expansions and 
tightened. 

20 

Patentanspruche 

t. Elektrachemische Zelle zum Behandeln von Was- 
serund/oderwassrigen Lflsungen, wobeidiese Zel- 
le folgende Komponenten aufweist: & 

a) eine senkrechte, zylindrische, innere Elek- 
trode (2) mit einem variablen Querschnitt, wel- 
che einen mittleren Abschnitt besitzt und ein 
Stiftende an jedem Ende d esse I ben, wobei der 30 
Durchmesser eines jeden Stiftendes nicht 
mehr als 0,75 mat den Durchmesser des mitt- 
leren Abschnittes ausmacht; 

b) eine senkrechte, zylindrische auftere Elek- 
trode (1). die um die innere Elektrode herum 
angebracht ist; 

c) ein koaxiales aus Keramik bestehendes Dia- 
phragma (3), das hergestellt ist aus einer *o 
Grundzusammensetzung aus einem Gemisch 
aus Zirkon-, Aluminium- und Yttriumoxiden, 
und welches in einem getrennten Raum zwi- 
schen den Elektrdden in einer Elektrodenkam- 
mer der Zelle montiert ist; 45 

d) die Elektroden werden aus Materialien her- 
gestellt, die wahrend der Elektrolyse nicht los- 
lich sind; 

so 

e) die aufiere Elektrode wird in eine untere dt- 
elektrische Hulse (4) und in eine obere dielek- 
trische Hulse (5) montiert, wobei eine jede Ein- 
schnitte an einem Sto&ende derselben besitzt; 

55 

f) sowohl die innere Elektrode als auch die au- 
&ere Eleklrode sind mit einem Piuspol und ei- 
nem Minuspol einer Stromquelle verbunden; 



g) die Zelle beinhaltet femer einen oberen di- 
elektrischen Kollektorkopf (7) und einen unte- 
ren dielektrischen Kollektorkopf (6), die jeweils 
einen axialen Kanal besiUen; wobei jeder Kol- 
lektorkopf in den Einschnitten der Hulsen in- 
stalliert ist und ausgelegt ist, um sich im Inne- 
re n derselben zu drehen; 

h) das Diaphragma wind durch elastische Dich- 
tungen (8, 9) befestigt, die in den Einschnitten 
der Hulsen montiert sind; 

i) der Durchmesser des mittleren Abschnittes 
der inneren Elektrode wird durcbdie Formei: 

2M<D<4M 

festgetegt, wobei: 

D = der Durchmesser des mittleren Ab- 
schnittes der inneren Elektrode in mm ist, 
und 

M = der Abstand zwischen den Etektroden 
in mm ist; 

j) die Lange des mittleren Abschnittes der inne- 
ren Elektrode istentweder kurzerals die LSnge 
der auderen Elektrode gemafi dem Wert 2M, 
oder linger als die Lange derau&eren Elektro- 
de gemaft dem Wert von nicht weniger als 2M; 

k) die innere Elektrode wird innerhalb der Kol- 
lektorkflpfe durch elastische Dichtungen (10, 
11) befestigt. die in den axialen Kopfkanaien 
montiert sind; und 

I) der untere Kopf und der obere Kopf und die 
untere HQIse und die obere HOlse besitzen Ka- 
nale fOr die Versorgung mit behandeltem Was- 
ser und/oder behandelter Losung, die dazu be- 
stimmt sind in die Karnmern der inneren und 
der auBeren Elektrode geschtckt zu werden 
und daraus abgezogen zu werden. 

2. Zelle gemaB Anspruch 1 , in welcher die Lange der 
au Keren Elektrode zwischen SO mm und 240 mm 
betragt, und der Abstand zwischen den Etektroden 
zwischen etwa 2,8 mm und 3,3 mm liegt. 

3. Zelle gemafe irgendeinem der Anspruche 1-2. in 
welcher die Hulsen und die Kopfkanale biszurseit- 
lichen Oberflache reichen und mit Rohrverbindun- 
gen ausgestattet sind. 

4. Zelle gema& irgendeinem der Anspruche 1-3, in 
welcher das Diaphragma hergestellt Ist aus Kera- 
miken, die eine Grundzusammensetzung aufwei- 
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sen, welche im Wesentlichen herruhrt aus der 
Gruppe 9us Zirkoiv, Aluminium- und Yttriumoxiden, 
mit Zusatzstoffen aus Niob-, Tantai-. Titan-, Gado 
lin- und Hafniurnoxiden. 

$ 

5. Zelle gemafi irgendeinem der Anspruche 1-4, in 
welcher das Diaphragma entweder Ultrafiltrations-, 
Mikrofiltrations- Oder Nanofiltrationseigenschaften 
besitzt 

10 

6. Zelle gemS& irgendeinem der Anspruche 1-5, in 
welcher das Diaphragms hergestellt wird als ein 
Kegelstumpf mit einem Konizitatswert von 1: 
(100-1000) und elner gleichen Wanddicke von 0.4 
mm bis 0,8 mm entlang seiner Lange, und welches f 5 
in die Zelle entweder mit dem dicken End© nach un- 
ten Dder mh dem dicken Ende nach oben eingebaut 

• wird. 

7. Zelle gemafi irgendeinem der AnsprOche 1-5, in 20 
welcher die auftere Oberflache des Diaphragma 
hergestellt wird als ein Zylinder und die innere 
Oberflache ats ein Kegel mit ein em Konizitatswert 
von 1 : (1 00-1 000); wobei die Wanddicke des ersten 
StoRendes 0,4 mm-0,5 mm betragt, und die Wand- *5 
dicke des zweiten Stoftendes 0,7 mm-0,8 mm be- 
tragt; wobei das Diaphragma in die Zelle so einge- 

' baut wird, dass das Stq&ende, das die dicke Wand- 
dicke besitzt, entweder nach unten gerichtet ist 
Oder nach oben gerichtet ist. w 

8. Zelle gemali irgendeinem der Anspruche 1-S, in 
welcher die aufieren und inneren Oberflachen des 
Diaphragmas jeweils a!s einen Kegelstumpf mit ei- 
nem Konizitatswert von 1: (100-1 000) hergestellt 35 
werden; wobei die oberen Enden der Kegel an den 
entgegengeseizt gelegenen Enden angeordnet 
sind; wobei die Wanddicke eines ersten StoBendes 

0,4 mm-0,5 mm betragt und die Wanddicke eines 
zweiten StoGendes OJmm-O^ mm betragt; dabei *o 
wird das Diaphragma in der Zelle angeordnet mit 
einem Stofiende, das die dickers Wand besitzt, ent- 
weder nach oben gerichtet oder nach unten gerich- 
tet 

45 

9- Zelle gemaft irgendeinem der Anspruche 1-S, in 
welcher die inneren und die auBeren Oberfla'chen 
des Diaphragmas Zylindem mit einer Wanddicke 
von 0,4mm-0,7 mm entsprechen. 

so 

10- Zelle gemSfi irgendeinem der Anspruche 1-9, in 
welcher die Maftabweichung von der geometrisch 
korrekten Oberflache nicht mehr als 0,05 mm an ir- 
gendeinem Ort entlang der Lange des Diaphrag- 
mas betragt. 55 

11. Zelle gemafc irgendeinem der Anspruche 1-10, in 
welcherdie innere Elektrode entweder ein Festkor- 



per ist oder hohl ist. 

12. Zelle gemafc irgendeinem der AnsprOche 1-11, in 
welcher sich ein Gewinde an den Stiftenden der in- 
neren Elektrode befindet und Druckdichtungsschei- 
ben (12. 13) und Muttem (14, 15) zum Befestigen 
verwendet werden. 

13. Zelle gemaa irgendeinem der AnsprOche 1-12, in 
welcher die au&ere Elektrode mit einem Minuspol 
einer Stromquelle verbunden ist, die innere Elektro- 
de mit einem Pluspol der Stromquelle verbunden 
ist, die innere Elektrode so ausgelegt ist, dass die 
Lange ihres mittleren Abschnittes mit dem grolien 
Durchmesser die Lange der auBeren Elektrode urn 
einen Wert von nicht weniger als dem doppelten 
des Abstandes zwischen den Elektroden uber- 
steigt; und die innere Elektrode symmetrfsch zu der 
aufteren Elektrode in der Zelle angeordnet ist. 

14. Zelle gemSR irgendeinem der AnsprOche 1-13, in 
welcherdie auSere Elektrode mit einem Pluspol ei- 
ner Stromquelle verbunden ist, die innere Elektrode 
mit einem Minuspol der Stromquelle verbunden ist, 
die innere Elektrode so ausgelegt ist, dass die Lan- 
ge ihres mittleren Abschnittes mit dem groBen 
Durchmesser kleiner ist als die Lange der aufteren 
Elektrode. um einen Wert der gleich ist mit dem dop- 
pelten Abstand zwischen den Elektroden; und die 
innere Elektrode symmetrisch zu der SuBeren Elek- 
trode in der Zelle angeordnet ist. 

15. Zelle gemaB irgendeinem der Anspruche 1-13, in 
welcher der axiale Kopfkanal einen variablen Quer- 
schnitt aufweist; der mittlere Abschnitt der inneren 
Elektrode Dichtungseinschnitte mit den axialen 
Kopfkanalen bildet, und elastische Dichtungen in 
den Dichtungseinschnitten angeordnet sind. 

16. Zelle gemaft irgendeinem der Anspruche 1-13, in 
welcher der axiale Kopfkanal einen variablen Quer- 
schnitt aufweist; der mittlere Abschnitl der inneren 
Elektrode Dichtungseinschnitte mit den axialen 
Kopfkanalen bildet; der mittlere Abschnitt der inne- 
ren Elektrode mit den axialen Kopfkanalen Dich- 
tungseinschnitte bildet; die Oberflache der inneren 
Elektrode in den urrteren und oberen Teilen ihres 
mittlere n Abschnittes mit dem gro&en Durchmesser 
Riilen aufweisen; und elastische Dichtungen in den 
Rillen angeordnet sind. 

17. Zelle gemfifl irgendeinem der AnsprOche 1-14, in 
welcher der Durchmesser des axialen Kopfkanals 
gleich ist mit dem Durchmesser der Stiftenden der 
inneren Elektrode; die Stiftenden der Inneren Elek- 
trode Rillen auf ihren Oberflichen besitzen; und 
elastische Dichtungen in den Rillen angeordnet 
sind. 
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18, Zellegemali irgendelnem der Anspruche 1-14 oder 
17, in welcher der Durchmesser der axialen Kopf- 
kanale gleich ist mit dem Durchmesser derStiften- 
den der inneren Eiektrode, und die axialen Kopfka- 
nale in dem Stofiende des Kopfes weiter sind; ela- s 
stische Dichtungen in diesen Ausweitungen ange- 
ordnet sind; und die Zeile dielektrische Hulsen be- 
sitzt, die ebenso in diesen Ausweitungen angeord- 
net und festgenogen werden. 



Revendications 

1 . Cellule electrochimique pour le traitement d'eau et/ 
ou de solutions aqueuses comprenant: ^ 

a) une electrode interne (2) verticals, cylindri- 
que, de section variable, ayant une section me- 
diane ainsi qu'une pointe de type broche a cha- 
cune de ses extremites, le diametre de chaque 2 o 
pointe de type broche etant inferieur ou egai a 
0,75 fois celui de la section mediane; 

une electrode externe (1 ), verticate. cylin- 
drique, montee autour de I'electrode interne; 

c) un diaphragme coaxial, ceramique (3), febri- 25 
que a partir d'une composition de base com- 
portant un melange d'oxydes de zirconium, 
d'aluminium et d'yttrium et monte dans un es- 
pace distinct separant les electrodes a Tinte- 
rieur d'una chambre a electrodes de (a cellule; 30 

d) les electrodes sont fabriquees a partir de ma- 
teriaux qui sont insoluble? au cours d'une elec- 
trolyse; 

e) I'electrode externe est montee sur une 
douilie dielectrique inferieure (4) et sur une 35 
douille dielectrique superieure (5), chacune 
possedantdes entailles a Tune de ses extremi- 
tes de butee; 

0 1'6lectrode interne et I'electrode externes sont 
toutes les deux connectees a un pole positif et 40 
a un pole negatif d'une source d 'alimentation 
electrique; 

g) la cellule contenant en plus une tete colleo- 
trice dielectrique superieure (7) et une tSte col- 
lectrice dielectrique inferieure (6) qui ont cha- 45 
cune un canal axial; chaque tete collectrice 
etant montee dans les entailles pratiquees 
dans les douilles de maniere a pouvoir tourner 

a I'interieur de ces dernieres; 

h) le diaphragme etant fixe par des garnitures so 
pour joints elastiques (8, 9) montees dans les 
entailles pratiquees dans les douilles; 

i) le diametre de la section mediane de Kelec- 
trode interne etant defini par la formule: 
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2M<D<4M 



dans laquelle: 

D = diametre de la section mediane de 
I'electrode interne en mm, et 

M = distance entre les electrodes en mm 

j) la longueur de la section mediane de i'elec- 
trode interne etant sort plus courte que la lon- 
gueur de ['electrode externe en fonction de la 
vaieur 2M ou plus longue que la longueur de 
Pelectrode externe en fonction d'une vaieur au 
moins egale a 2M; 

k) I'electrode interne etant fixe© a linterieur des 
tetes collectrices par des garnitures pour joints 
elastiques (10, 11), montees dans les canaux 
axiaux de la tete; et 

]) la tete inferieure et la tete superieure ainsi 
que la douille inferieure et la douille superieure 
ayant des canaux pour Tali mentation en eau 
traitee et/ou en solution aqueuse traitee desti- 
nies a etre dirigees vers (es chambres des 
electrodes internes et externes ou a en etre ex- 
traites. 

2. Cellule suivant la revendication 1 , dans laquelle la 
longueur de Telectrode externe est comprise entre 
50 mm et 240 mm et la distance entre les electrodes 
est comprise entre 2.8 mm et 3.3 mm. 

3. Cellule suivant Tune quelconque des revindica- 
tions 1-2, dans laquelle les douilles et les canaux 
des tetes s'etendent jusqu'a la surface laterale et 
sont pourvus de tuyaux de liaison. 

4. Cellule suivant I'une quelconque des revendica- 
tions 1-3. dans laquelle le diaphragme estfabrique 
a partir de ceramiques comportant une composition 
de base prove nant du groupe constitue essentiel- 
lement des oxydes de zirconium, d'aluminium et 
d'yttrium avec des additifs epoxides de niobium, de 
tantale, de titane, de gadolinium et □"hafnium. 

5. Cellule suivant Tune quelconque des revindica- 
tions 1-4, dans laquelle le diaphragme possede des 
proprietes soit ^ultrafiltration, de microfiltration ou 
bien de nanofiltration. 

6. Cellule suivant Tune quelconque des revendiea- 
tions 1-5, dans laquelle le diaphragme est fabrique 
a partir d'un cone tronque avec un indice de contrite 
de 1 : (100-1000) et une epalsseur de paroi de 0,4 
mn>0,8 mm identique sur toute sa longueur, et est 
posltlonne dans la cellule avec la grande base soit 
vers le bas ou avec la grande base soit vers la haut. 

7. Cellule suivant I'une quelconque des revendica- 
tions 1-5, dans laquelle la surface externe du 
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diaphragme est construite comme un cyfindre et la 
surface interne comme un cone avec un indice de 
conlcite de 1 : (100-1000); I'epaisseur de la parol au 
niveau de la premiere extremite de butee est de 0,4 
mm-0,5 mm et I'epaisseur de la paroi au niveau de 
la second e extremite de butee est de 0,7 mm-0,8 
mm; le diaphragme est positionne dans la cellule 
de facon a ce que I'extremite de butee ayant !a paroi 
la plus epaisse soit ou bien dirigee vers le bas, du 
bien dirigee vers le haut. 

8. Cellule suivant Tune quelconque des revendica- 
tions 1-5, dans laquelle les surfaces internes et ex- 
ternes du diaphragme sont chacune construites 
comme un cone tronque avec un indice de conlcite 
de 1: (100-1000); les sommets des cdnes sont pc- 
sitionnes aux extrernites opposees; I'epaisseur de 
la parol d'une premiere extremite ; de butee est de 
0,4 mm-0,5 mm et I'epaisseur de la paroi de la se- 
cqnde extremite de butee est de 0,7 mm-0,8 mm; 
le diaphragme est place dans la cellule de facon a 
ce que Textremite de butee avec la paroi la plus 
epaisse soit ou bien dirigee vers le bas ou bien di- 
rigee vers le haut. 

9. Cellule suivant Tune quelconque des revendica- 
tlons 1-5, dans laquelle les surfaces internes et ex- 
ternes du diaphragme sont des cylindres avec une 
epalsseur de paroi de 0,4 mm-0,7 mm. 

10. Cellule suivant I'une quelconque des revindica- 
tions 1-9, darts laquelle Terreur par rapport a la sur- 
face geometrique correcte ne Cepasse pas 0,05 
mm en tout point sur loute la longueur du diaphrag- 
me. 

11. Cellule suivant Tune quelconque des revendica- 
tions 1-10, dans laquelle I'electrode interne est soit 
pleine soit creuse a Tinterieur. 

12. Cellule suivant I'une quelconque des revendica- 
tlons 1-11 , dans laquelle il y a unfiietege surla poin- 
te de type broche de relectrode interne et des ron- 
delles de compression (1 2, 1 3) ainsi que des ecrous 
(14, 15) sont utilises pour le serrage. 

13. Cellule suivant I'une quelconque des revendica- 
tions 1-1 2 r dans laquelle Telectrode externe est 
connectee a un pole negatif d'une source d'alimen- 
tation electrique, ('electrode interne est connectee 
a un p&le positif d'une source d'alimentation 
electrique ; relectrode interne est etudiee pour que 
la longueur de sa section mediane de grand diame- 
tre depasse la longueur de I'electrode externe d'une 
valeur superieure ou egale au double de la distance 
entre les electrodes; et I'electrode interne est posi- 
tionnee dans la cellule symetriquement par rapport 
a Telectrode externe. 



14. Cellule suivant Tune quelconque des revendica- 
tions 1-13, dans laquelle Telectrode externe est 
connectee 3 un pOle positif d'une source d'alimen- 
tation electrique, J'electrode interne est connectee 

5 a un pole negatrf d'une source rfali mentation 
electrique ; Telectrode interne est etudiee pour que 
la longueur de sa section mediane de grand diame- 
tre soit inferieure a la longueur de Telectrode exter- 
ne d'une valeur ©gale au double de ta distance entre 

10 les electrodes; et I'electrode interne est positionnee 
dans la cellule symetriquement par rapport a I'elec- 
trode externe. 

15. Cellule suivant I'une quelconque des revendica- 
15 tions 1-13, dans laquelle le canal axial de la tete 

possede une section variable; la section mediane 
de Telectrode interne forme a I'aide des canaux 
axiaux de latete des joints pour les entail les; etdes 
garnitures de joints elastiques sont placees dans 
20 les joints des entailles. 

16. Cellule suivant Tune quelconque des revendica- 
tions 1-13, dans laquelle le canal axial de la tete 
possede une section variable; la partie mediane de 

25 Telectrode interne forme a Talde des canaux axiaux 
de latete des joints pour les entailles; la section me- 
diane de Telectrode interne forme a Taide des ca- 
naux axiaux de la tete des joints pour les entailles; 
la surface de I'electrode interne possede des tnci- 

30 sions dans les parties hautes et basses de sa sec- 
tion mediane de grand diametre; et des garnitures 
de joints elastiques sont placees dans ces inci- 
sions. 

35 17, Cellule suivant Tune quelconque des revindica- 
tions 1-14, dans laquelle le diametre du canal axial 
de la tete est egal au diametre des pointes de type 
broche de Telectrode interne; les pointes de type 
broche de Telectrode interne ont des incisions sur 

40 leurs surfaces; et des garnitures de joints elastiques 
sont placees dans ces incisions. 

18. Cellule suivant Tune quelconque des revendica- 
tions 1-14 ou 17, dans laquelle le diametre du canal 

4$ axial de la tete est egal au diametre des pointes de 
type broche de relectrode interne et les canaux 
axiaux de la tete sont plus larges au niveau de Tex- 
tremite de butee de la tete; des garnitures de joints 
elastiques sont placees dans ces elargissements; 

so et la cellule a des douilles dielectriques qui sont 
aussi placees dans ces elargissements et sernees. 
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